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(54) Protective overiayer for ceramics 

(57) An alumina comprising composition protective 
overiayer (20) for protecting a ceramic matrix composite 
material (12) from a high temperature, moisture-con- 
taining environment. Alumina may be used as a protec- 
tive overiayer to protect an underlying mulllte layer to 
temperatures in excess of 1,500 **C. The coating may 



have porosity of greater than 1 5% for Improved thermal 
shocl<protection. To prevent the Ingress of oxygen to an 
underlying ceramic material, an oxide barrier layer may 
be optionally disposed between the alumina coating and 
the ceramic material. Such a protective overiayer may 
be used for an article having a ceramic oxide or non- 
oxide substrate. 
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Description 

FIELD OF THE INVENTION 



[0001] This invention relates generally to the field of 
materials, and more specifically to the field of ceramics, 
and in particular application, to an article comprising an 
alumina overtayer disposed on a ceramic oxide Insulat- 
ing material that is disposed on a ceramic matrix com- 
posite substrate component of a gas turtDine engine and 
having an optional oxide bond layer disposed between 
the ceramic matrix composite substrate and overlayer. 

BACKGROUND OF THE INVENTION 

[0002] Components of gas turt^lne engines are ex- 
posed to very high temperature, high pressure combus- 
tion gasses containing moisture, oxygen and other cor- 
rosive compounds. Modem gas turbine engines may 
have firing temperatures that exceed 1 ,400 ''C, and tem- 
peratures of 1,500-1,600 *»C are expected as the de- 
mand for even more efficient engines continues. Cobalt 
and nickel base superalioys are used to fonm many gas 
turbine components, but even these superalloy materi- 
als must be aggressively cooled and/or Insulated from 
the hot gas flow In order to survive long term operation 
in the combustion environment. 
[0003] Ceramic matrix composite (CMC) materials 
have many potential applications in high temperature 
environments due to their ability to withstand and oper- 
ate at temperatures In excess of those allowed for a non- 
insulated superalloy part. However, oxide and non-ox- 
ide CMC*s can survive temperatures in excess of 1 ,200 
°C for only limited time periods in a combustion environ- 
ment. Furthemrjore, oxide-based CMC's cannot be 
cooled effectively with active cooling systems due to 
their low thermal conductivity and their limitations In 
cooling fluid path design due to manufacturing con- 
straints. Non-oxide based CMCs can be aggressively 
cooled to withstand temperatures above 1200°C, but 
they are subject to environmental degradation that limits 
their useful life. To Increase the operating temperature 
range and useful life for CMC materials, a high temper- 
ature insulation for a ceramic matrix composite material 
is described In United States patent 6,013,592. 
[0004] Cun^ent structural ceramic technology for gas 
turi^ine engines relies on silica-based materials. Siiica- 
based non-oxides such as silicon cariDide (SIC) and sil- 
icon nitride (SI3N4) are subject to both oxidation and at- 
tack by high temperature, high pressure water vapor. In 
this dual degradation mechanism, the silicon carit)lde or 
silicon nitride is oxidized to fonri a thennally grown oxide 
(SiOa) layer, "mis oxide layer then reacts with the high 
temperature, high pressure water vapor to forni a vola- 
tile hydroxide species [Si(OH) J which Is then lost to the 
environment. Thus, surface recession occurs In a con- 
tinual process as the protective Si02 layer volatizes and 
the base ceramic oxidizes to replenish the lost Si02. 



EP 1 394 138 A2 



This process is enhanced by the high velocity gas 
stream in a gas turt^ine environment. Accordingly, envi- 
ronmental barrier coatings (EBC) have been developed 
to protect silica-based non-oxide ceramics from the 

5 combustion environment. United States patent 
5,391,404 describes a process for coating a slltoa- 
based ceramic with mutlite, and United States patent 
5,985,470 describes a barium strontium aluminosllicate 
(BSAS) bond coat underiying a thermally insulating top 

10 coat over a silicon cart^ide containing substrate. These 
EBCs typtoally function at a maximum surface temper- 
ature of 1 ,200-1 ,300 •C. Since growth of a silicon diox- 
ide layer undemeath the environmental barrier coating 
could result In spalling of the coating and loss of envl- 

15 ronmental protection, the environmental barrier coating 
material must be suffk^iently dense to prevent the in- 
gress of oxygen through the coating, for example having 
only closed porosity of no more than approximately 
10%. 

20 [0005] The composite structure described in United 
States patent 6,013,592 utilizes a thick mulllte-based 
thermal barrier coating over a ceramic matrix composite 
substrate material. Oxide ceramics such as mulllte 
(3 Al203-2Si02) are not subject to oxidation, but they are 

25 degraded by the effects of high temperature water va- 
por, albeit at a slower rate than non-oxide ceramics. The 
rate of silica loss and subsequent recession of an oxide 
ceramic material will Increase with an Increasing tem- 
perature and flow velocity, and mulllte may not perform 

30 adequately in certain gas turt)ine applications where 
flow rates are high and temperatures may be in the 
range of 1 ,500-1 ,600 **C. 
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SUMMARY OF THE INVENTION 



[0006] Accordingly, Improved materials are needed 
for use In advanced combustion turiDlne engines where 
firing temperatures may be in the range of 1 ,500-1 ,600 
°C, 

40 [0007] An article is also described as having a ceram- 
k: matrix composite substrate; a layer of ceramic oxide 
Insulating material disposed on the ceramic matrix com- 
posite substrate; and a layer of an alumina comprising 
composition disposed on the Insulating material. The ar- 
tide may also optionally Incorporate an oxide bond layer 
disposed between the ceramic matrix composite sub- 
strate and insulating material. The alumina comprising 
composition may be alumina, the ceramic oxide insulat- 
ing material may be mulllte or an alumlna/mulllte mix- 

50 ture; the ceramic matrix composite substrate may be 
those described in United States patent 6.013,592, and 
may further include silicon; and an optional oxide bond 
layer comprised of one or more of the group of mulllte, 
alumina, and zirconla. Also, the alumina comprising 

55 composition may have a porosity of at least 10% or at 
least 15%, and a thfckness of greater than 0.1 mm. 
[0008] In anottier embodiment, an article is described 
herein as including a non-oxide ceramte substrate; an 



2 



BNSDOCID:<EP 1394138A2 I > 



3 



EP 1394 138 A2 



oxygen barrier layer disposed on the non-oxide ceramic 
substrate; a ceramic oxide insulating layer disposed on 
the the non-oxide ceramic substrate; and a layer of an 
alumina comprising composition disposed on the oxy- 
gen banier layer. The article may also optionally incor- 
porate an optional oxygen bond layer The alumina com- 
prising composition may be alumina; the ceramic oxide 
insulating layer may be mulllte or a mullite/alumina mix- 
ture; the non-oxide ceramic substrate may be one of the 
group of silicon cartDide and silicon nitride; and the op- 
tional oxygen barrier layer may be one of the group of 
mulllte, zlncon, zirconium phosphate, and yttrium sili- 
cate. The alumina comprising composition may have a 
porosity of at least 1 0% or at least 1 5%. and a thickness 
of greater than 0.1 mm. 

[0009] An article is also described herein as including 
a ceramic oxide substrate; and an alumina comprising 
composition disposed on the ceramic oxide substrate. 
The alumina comprising composition may be alumina, 
and the ceramic oxide substrate may be mulllte or an 
alumlna-mullite mixture, and may further Include sllbon. 
The alumina comprising composition may have a poros- 
ity of at least 10% or at least 16%. and a thickness of 
greater than 0.1 mm. The article may also optionally In- 
corporate an oxide bond layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] These and other advantages of the invention 
will be more apparent from the following description in 
view of the drawings that include: 

FIG. 1 1s a partial cross-sectional view of a compo- 
nent formed of an oxide ceramic matrix composite 
substrate material covered with a ceramic oxide in- 
sulating material, whk^h in turn is protected by an 
alumina coating. 

FIG. 2 is a partial cross-sectional view of a non-ox- 
ide ceramic substrate material covered with a ce- 
ramic oxide insulating material protected by an alu- 
mina coating, and with an oxygen barrier layer dis- 
posed between the non-oxide substrate and the in- 
sulating layer. 

FIG. 3 is a partial cross-sectional view of a refrac- 
tory ceramic oxide combustortile substrate protect- 
ed by a layer of alumina. 

DETAILED DESCRIPTION OF THE INVENTION 

[0011] An alumina comprising composition may be 
used as a protective overtayer coating material for ce- 
ramics and ceramic matrix composite materials with 
thermal insulation layers. Alumina comprising composi- 
tions include compositions comprising alumina, for ex- 
ample alumina (AIO2), yttrium aluminum gamet (YAG), 
rare earth aluminates such as CeAlOa and the like. In 
one particular applfcation, alumina powder commercial- 
ly available from the Sulzer Metco company located in 



New York may be used as a protective overlayer for mul- 
llte and mulllte containing ceramics. Alumina Is stable 
up to Its melting point, has excellent resistance to water 
vapor degradation in gas turbine environments, and It Is 
5 chemically compatible with many different oxides even 
at 1,800 °C., Including mullite, alumina, yttrium alumi- 
num garnet (YAG) and zirconia (ZrOg). 
[0012] Each of the alumina comprising compositions 
Is a candidate as a protective overiayer for mulllte even 

^0 though a coefficient of themial expansion mismatch 
may exist between the mulllte and the alumina compris- 
ing compositions. Alumina has been successfully plas- 
ma sprayed and slurry coated onto the themrial insula- 
tion material. The likelihood of spallation is appreciably 

^5 decreased by controlling the alumina layer thickness. 
[0013] FIG. 1 is a partial cross-sectk>nal view of a 
component 1 0 of a gas turbine engine. The component 
1 0 is f onned of a substrate 1 2 of a ceramic matrix com- 
posite material that is thennally protected by a ceramic 

20 insulating coating 14. The ceramic matrix composite 
substrate 12 and ceramic Insulating coating 14 may be 
of the type described in United States patent 6,013.592, 
incorporated by reference herein. Ceramte insulating 
coating 14 is advantageously an oxide based ceramic 

25 Including a matrix material 1 6 surrounding a plurality of 
mulllte spheres 18. The matrix material 16 may Include 
a mulllte filler powder and a phosphate binder or an alu- 
mina filler powder and an alumina binder. One or more 
optional oxide bond layers (not shown) may be disposed 

30 between the ceramic matrix composite substrate 1 2 and 
the ceramic Insulating coating 1 4 and may comprise one 
or more of the group of mullite, alumina, and zirconia. 
An optional oxygen barrier layer, discussed in more de- 
tail in Figure 2, may also be used. 

35 [0014] The mullite-based ceramic insulating coating 
14 would be susceptible to slltea loss and/or recession 
if It were exposed to very high temperature and atmos- 
pheric or high pressure water vapor, such as in the range 
of 1 ,500-1,600 "C. Accordingly, an protective overiayer 

40 20 is disposed over the ceramic Insulating coating 1 4 to 
Isolate the ceramic Insulating coating 14 from water va- 
por contained in the hot gas environment In whfch com- 
ponent 10 Is designed to operate. The protective over- 
layer 20 is an alumina comprising composition such as 

45 alumina applied by any known deposition process, such 
as sluny coating, sol-gel, chemical vapor deposition, 
physical vapor deposition or plasma spray. Protective 
overiayer 20 may advantageously be applied to a thick- 
ness of greater than 0. 1 mm (1 00 microns), for example, 

50 to a thickness of 0.1 - 0.5 mm. or greater tiian 0.1 mm 
up to 0.5 mm, or between 0.15 - 0.5 mm, or between 
0.25 - 0.5 mm. Such tiiickness is possible because of 
the close match between the coefficients of themial ex- 
pansion between the protective overiayer 22 and the un- 

55 dertying layer 1 4. Typical prior art environmental banier 
coatings may be limited to a tiiickness of about 0.1 mm 
due to differential thennal expansion concerns. The pro- 
tective overiayer 22 may be formed to have a porosity 
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of greater than 10%, or preferably greater than 15%, in 
order to provide the material with an improved resist- 
ance to themnal shock loadings. 
[0015] in one test specimen, a layer 20 of alumina was 
applied as a slurry coat and was fired at 1 ,400 •C. The 
slurry consisted of a fine alumina powder (having an av- 
erage particle size of less than 5 microns) mixed with 
an alumina forming binder solution such as aluminum 
oxy chloride or aluminum hydroxy! chloride. The thicl<- 
ness of the coating was relatively unifomn at about 
200microns. In another test specimen, a layer 20 of alu- 
mina was applied to a substrate 12 preheated to a min- 
imum surface temperature of 750*F by an air plasma 
spray of alumina particles generally smaller than con- 
ventional plasma-sprayed alumina particles (having an 
average particle size of less than 75 microns). The thick- 
ness of the coating was relatively unifomi at about 300 
microns. Despite the liigh temperatures, the coatings 
showed no evidence of surface cracking, which can be 
attributed to a good match between the coefficients of 
thermal expansion of the alumina coating 20 and the un- 
derlying mullite-based insulation layer 14 for this coating 
thickness. Micro-cracking was present within the coat- 
ing 20, which may give the coating 20 added strain tol- 
erance. There was no evidence of reaction between the 
mullite and the alumina. 

[0016] An exposure test was conducted on alumina 
coated mullite specimens. The test specimens were cyl- 
inders having an Inner diameter of about 20 mm, outer 
diameter of about 30 mm, and length of about 30 mm 
and having alumina coatings of about 200-300 microns 
on the inner surface. The test environment was limited 
to pressures of 200 psig in a natural gas fired combustor 
test rig with 1 0% water vapor and a flow rate of about 
0.3 Mach. The test was conducted for about 430 hours 
at temperatures ranging from 1,450-1,810**C. Non alu- 
mina coated mullite specimens were also tested in this 
same environment and showed siltea loss, which dem- 
onstrates the aggressiveness of the exposure condi- 
tions. This silica loss weakens the surface and can lead 
to recession and continued degradation of the themial 
insulation surface shortening the life of the material in a 
gas turbine application. By contrast, the alumina coated 
mullite specimens showed good resistance to the envi- 
ronment; the alumina coating prevented loss of silica 
from the themnal insulation coated specimens. 
[0017] A 1 00-hour rig test simulating the combustion 
environment in a Centuar 50 or Taurus 60 engine was 
also conducted on a sub-scale hybrid combustion liner 
specimen made in accordance with the above teachings 
of a ceramic matrix composite substrate with a layer of 
ceramte oxide insulating material and alumina overiay- 
er. The test was conducted in two parts: Part I, steady 
state for 50 hours, and Part II, 50 themial cycles for a 
total of 50 hours. The liner was tested in a high-pressure 
rig using a production T60 SoloNOx gas-only fuel injec- 
tor. The test conditions for steady state were: simulated 
load at 100%, inlet pressure at 150 psig, inlet air tem- 



perature at 690''F, air flow at 4.0 pps, and injector flow 
function at 0.37. The liner was instrumented with 5 type 
S and 1 0 type K themiocouples located In three, 1 20-de- 
gree circumferential positions. At each location, the ce- 
5 ramie Insulating material surface, ceramte Insulating 
material /ceramte matrix composite liner interface, and 
ceramic matrix composite liner surface temperatures 
were recorded to measure the themnal gradient across 
the liner. The test rig was started on natural gas and 
10 brought up to the full load. An air to fuel ratio (APR) of 
59 was maintained for the steady state condition. This 
APR gave a flame temperature of approximately 
3400**P. The hot wall temperatures were in the 2100*F 
to 2200''P range at the start of the test. After several 

15 hours of mnning, some of the themiocouples were lost 
and others were detached from the surface of the hybrid 
liner, indbating lower temperatures. The test was 
stopped after 8 hours and 50 hours of steady state op- 
eration to allow visual inspection of the liner. At both 

20 times, the liner appeared to be in an excellent condition 
with no apparent damage. Themnal cycling of the liner 
was started after the second Inspectton. A total of 50 
one-hour cycles were run by doing a soft shut down for 
a period of five minutes, followed by relighting the com- 

25 bustor and bringing It back to full temperature at an APR 
of 59. The liner survived the 100-hour high-pressure rig 
test without any major damage. No combustor oscilla- 
tions were seen throughout the test and leakage was 
controlled to 5%, There were no signs of microcracks 

30 on the ceramic insulating material surtace, and also no 
apparent indication of delaminations in the ceramic ma- 
trix composite material. Themnocouple data from the 
100-hour test indicated large temperature gradients 
across the liner, approximately 400*'P to 600*»P, lower 

35 than what was expected. 

[001 8] Although Pigure 1 shows the overiayer 20 / In- 
sulating coating 14 interface being substantially smooth, 
the interface can be roughened or the insulating coating 
1 4 can be adapted to provide surface features that f ur- 

^ ther secure the overiayer 20 to the Insulating coating 1 4. 
Per example, the top surface of the insulating coating 
14 can be machine ground to remove a portion of the 
hollow mullite spheres 1 8 located at the interface, there- 
by exposing the interior walls of the hollow spheres 18 

"^5 to the interface. Thus, when the overiayer 20 is depos- 
ited onto the insulating coating 14, the overiayer 20 can 
fill the hollow interior walls to provide a mechanical In- 
teriock or anchor with the insulating coating 14. This ex- 
emplary surface feature method is partlculariy effective 

50 with APS or slurry spray coatings, PVD coatings, and 
viscous slurry coatings applied by brushing or dipping. 
[0019] in another deposition method (not shown), if 
the insulating coating 14 Is cast to shape, the overiayer 
20 can be fomied In situ during the insulating coating 14 

55 deposition. Por example, a mesh fugitive sized to allow 
the matrix material 1 6 to penetrate but not to allow the 
spheres 18 to penetrate can be used on the mold sur- 
face. The casting will thus result in the matrix material 
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16 being predominately exposed at the overlayer 20 / 
insulating coating 14 Interface. Use of a matrix material 
1 6 rich in alumina comprising overlayer 20 composition 
thereby provides in situ formation of the overlayer 20. 
[0020] FIG. 2 illustrates the use of a layer of the alu- s 
mina comprising composition 28 described above as a 
protective overlayer coating for a non-oxide ceramic 
substrate 30 such as silicon carbide or silicon nitride, 
upon which the ceramic insulating coating 14 Is dis- 
posed, to fomi an article 32. in this embodiment, the io 
substrate 30 may be vulnerable to oxidation attacic, 
which could result in spalling of any overlying coating. 
To prevent such oxidation, an optional oxygen banler 
layer 34 is disposed between the non-oxide ceramic 
substrate 30 and the ceramic insulating coating 14. The '5 
barrier layer 34 prevents the migration of oxygen from 
the environmentto the underiying substrate 30. The bar- 
rier layer 34 should be selected to be chemically and 
physically compatible with layers 1 4 and 30 and may be 
mullite, zircon (ZrSi04), zirconium phosphate, or yttrium 20 
silicate (YgSiaOy), for example. The banier layer 34 may 
be deposited by any of the abovenlescrlbed deposition 
methods and may have a thiclcness of 1 0 - 1 00 microns. 
The barrier layer Is particularly advantageous to inhibit 
surface recession due to active oxidation in the pres- 25 
ence of water vapor when the ceramic Insulating coating 
14 is less than 0.5 mm, and to inhibit internal oxidation 
.when the ceramic Insulating coating 14 is less than 0.3 
mm. 

[0021] One or more optional oxide bond layers (not 30 
shown) may also be disposed between the non-oxide 
ceramic substrate 30 and the ceramic insulating coating 
14 and may comprise one or more of the group of mul- 
lite, alumina, and zirconia. The optional bond layer tends 
to be particularly advantageous when used with the non- 35 
oxide ceramic substrate 30. since non-oxide ceramic 
substrates typically have a smaller thermal coefficient 
of expansion than ceramic matrix composite substrates. 
[0022] FIG. 3 illustrates a layer of an alumina com- 
prising composition 22 such as alumina disposed over 
a ceramic oxide substrate 24 to fomi a refractory oxide 
ceramic combustor tiie 26 or gas turbine component 
such as a blade or vane. The ceramic oxide substrate 
24 may be mullite, zircon, or an aluminosilicate, for ex- 
ample. I^yer22 may be deposited by slurry coating, sol- 
gel, chemical vapor deposition, physical vapor deposi- 
tion or plasma spray. Uke with the embodiment shown 
In Figure 1 , protective overiayer 22 may advantageously 
be applied to a thickness of greater than 0.1 mm (100 
microns), for example, to a thickness of 0.1 - 0.6 mm, so 
or greater than 0.1 mm up to 0.5 mm, or between 0.15 
- 0.5 mm, or between 0.25 - 0.5 mm. Such thickness is 
possible t)ecause of the close match between the coef- 
fk:ients of thennal expansion between the protective 
overiayer 22 and the underiying layer 24. Typical prior 55 
art environmental barrier coatings may be limited to a 
thickness of about 0.1 mm due to differential thermal ex- 
pansion concems. The protective overiayer 22 may be 



fomied to have a porosity of greater than 1 0%, or pref- 
erably greater than 1 5%, in order to provide the material 
with an improved resistance to themial shock loadings. 
Such porosity Is not problematic in this embodiment 
since the underlying oxide material is not vulnerable to 
oxidation attack, and is only vulnerable to high velocity 
water vapor attack. Furthemiore, the thickness of layer 
22 of greater than 0.1 mm ensures protection against 
moisture penetration in spite of such porosity, and it pro- 
vides additional margin against erosion of the protective 
overiayer 22. The layer of alumina comprising compo- 
sition 22 acts as a banier for the underiying ceramic ox- 
ide substrate 22 against a high temperature, high flow 
rate, moisture-bearing operating environment having a 
temperature exceeding 1 ,500 *C. The layer of alumina 
comprising composition 22 also acts as a banier for the 
underlying ceramic oxide substrate 24 in combustion 
type applications, such as gas turioines, where degra- 
dation of the underlying ceramic oxide substrate 24 
would be further enhanced by high gas pressures. One 
or more optional oxide bond layers (not shown) may be 
disposed between the ceramic oxide substrate 24 and 
the alumina comprising composition 22 and may com- 
prise one or more of the group of mullite, alumina, and 
zirconia. An optional oxygen barrier layer, discussed in 
more detail In Figure 2, may also be used. 
[0023] While the prefen-ed embodiments of the 
present invention have been shown and described here- 
in, it will be obvious that such embodiments are provided 
by way of example only. Numerous variations, changes 
and substitutions will occur to those of skill in the art 
without departing from the invention=hereln. According- 
ly, it is Intended that the invention be limited only by the 
spirit and scope of the appended claims. 



Claims 

1 . An artcle connprising: 

a ceramic matrix composite substrate; 
a layer of ceramic oxide insulating material dis- 
posed on the substrate; and 
a layer of an alumina comprising composition 
disposed on the layer of insulating material. 

2. The article of claim 1 , wherein the alumina compris- 
ing composition is alumina. 

3. The article of daim 1 , further comprising the alumi- 
na comprising composition having a porosity of at 
least 10%. 

4. The artfcle of claim 1 , further comprising the alumi- 
na comprising composition having a porosity of at 
least 15%. 

5. The article of claim 1 , further comprising the layer 
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of alumina comprising composition having a thick- 
ness of greater than 0.07 mm. 

6. The article of claim 1 , wherein the alumina compris* 
ing composition is alumina and the layer of ceramic 
oxide insulating material comprises mullite. 

7. The article of claim 6, wherein the ceramic oxide 
Insulating material comprises a matrix material sur- 
rounding a plurality of mullite spheres. 

8. The article of claim 7, wherein the matrix material 
comprises a mullite filler powder and a phosphate 
binder or an alumina filler powder and an alumina 
binder. 

9. The article of claim 1 , further comprising an oxide 
bond layer disposed between the ceramic matrix 
composite substrate and the alumina comprising 
composition. 

10. The article of claim 1 , wherein the ceramic matrix 
composite substrate comprises an oxide. 

11. An article comprising: 

a non-oxide ceramic substrate; 
an oxygen barrier layer disposed on the non- 
oxide ceramic substrate; 
a ceramic oxide Insulating layer disposed on 
the oxygen barrier layer and 
an overiayer of an alumina comprising compo- 
sition disposed on the oxygen banler layer. 

12. The article of claim 11, wherein the alumina com- 
prising composition is alumina. 

13. The article of claim 11 , further comprising the over- 
layer of alumina comprising composition having a 
porosity of at least 10%. 

14. The article of claim 11 , further comprising the over- 
layer of alumina comprising composition having a 
porosity of at least 15%. 

15. The article of claim 1 1 , further comprising the over- 
layer of alumina comprising composition having a 
thickness of greater than 0.1 mm. 

16. The article of claim 11, wherein the non-oxide ce- 
ramic substrate comprises silicon carbide or silicon 
nitride. 

17. The article of claim 16, wherein the oxygen barrier 
layer comprises one of the group of mullite, zircon, 
zirconium phosphate, and yttrium silteate. 

16. An article comprising: 



a ceramic oxide substrate; and 
an overiayer of an alumina comprising compo- 
sition disposed on the ceramic oxide substrate. 

s 19. The article of claim 18. wherein the alumina com- 
prising composition is alumina. 

20. The article of claim 1 8, further comprising the over- 
layer of alumina comprising composition having a 

10 porosity of at least 1 0%. 

21 . The article of claim 1 8, further comprising the over- 
layer of alumina comprising composition having a 
porosity of at least 15%. 

15 

22. The article of claim 1 8, further comprising the over- 
layer of alumina comprising composition having a 
thickness of greater than 0.1 mm. 

^ 23. The article of claim 18, wherein the alumina com- 
prising composition is alumina and the ceramic ox- 
ide substrate comprises one of the group of mullite. 
zircon, or an alumlnosilicate. 
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FIG. 3 
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(54) Protective overlayer for ceramics 

(57) An alumina comprising composition protective 
overlayer (20) for protecting a ceramic matrix composite 
material (12) from a high temperature, moisture-con- 
taining environment. Alumina may be used as a protec- 
tive overlayer to protect an underlying mulllte layer to 
temperatures in excess of 1.500 *»C. The coating may 



have porosity of greater than 1 5% for improved themial 
shocl< protection. To prevent the ingress of oxygen to an 
underiying ceramic material, an oxide barrier layer may 
be optionally disposed between the alumina coating and 
the ceramic material. Such a protective overiayer may 
be used for an article having a ceramic oxide or non- 
oxide substrate. 
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1. claims: 1-10 



An article comprising a ceramic matrix composite substrate, 
a layer of ceramic oxide Insulating material disposed on the 
substrate and a layer of an alumina comprising composition 
disposed on the layer of Insulating material. 



2. claims: 11-17 



An article comprising a non-oxide ceramic substrate, an 
oxygen barrier layer disposed on the non-oxide ceramic 
substrate, a ceramic oxide Insulating layer disposed on the 
oxygen barrier layer and an overlayer of an alumina 
comprising composition disposed on the insulating layer. 



3. claims: 18-23 



An article comprising a ceramic oxide substrate and an 
overlayer of an alumina comprising composition disposed on 
the ceramic oxide substrate. 
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